In the present study, female Sprague-Dawley rats were treated orally over 2, 14, and 29 days with 50 mg/ kglday of the H+,K+-ATPase inhibitor B8301-078, a substituted benzimidazole. The endocrine cells in the fundic mucosa were quantified by light microscopy with the aid of Grimelius silver staining and examined by electron microscopy. After 2 days of treatment, the number of argyrophilic Grimelius-positive cells (GPC) was clearly reduced compared to the controls, whereas after 14 and 29 days, hyperplasia was observed. Electron microscopy showed that there was only an apparent decrease in GPC density after 2 treatments. This reduction was due to the massive degranulation ofthe enterochromaffin-like (ECL) cells and the resultant decrease in stainability with silver. After 14 and 29 days the granular depletion was less pronounced. The cells were, therefore, detectable again by light microscopy.
INTRODUCTION
Of the neuroendocrine cells of the rat fundus, 66% are enterochromaffin-like (ECL) cells. The remainder are A-like cells and D cells (10) . Treatment with powerful inhibitors of acid secretion leads to ECL cell hyperplasia (7, 14-16, 19, 21) . It is known that ECL cell proliferation is due to increased serum gastrin Ievels, caused by high gastric antral pH and resultant elevation of gastrin secretion from G cells (2, 7, 14, 19, 21) .
Hypergastrinemia has a trophic effect on the fundic mucosa (4, 12, 17) that affects not only the epithelial portion but also, apparently, ECL cells (3, 15, 19) . In contrast, fundic D cells do not proliferate under the influence of hypergastrinemia (14, 18,2 1, 22) . There is yet no definite information on the response of A-like cells. It has proved useful to determine the increase in cell count morphometrically. ECL cells are argyrophilic and can be detected successfully with Grimelius silver stain (8) ; the secretory granules appear black. Because A-like cells in the fundic region also stain by this method, we prefer to speak of Grimelius-positive cells (GPC).
Short-term treatment of rats with B8301-078, an H+,K+-ATPase inhibitor, caused an unexpected decrease in GPC density in the fundic mucosa. This phenomenon was presumed to be due to a transient depletion of secretory granules in ECL cells. In a study of longer duration, GPC density rose, as expected. The aim of the present experiments was to examine fundic endocrine cells by electron microscopy, in parallel with a light-microscopic determination of GPC density after 2, 14, and 29 days of treatment with B8301-078. We hoped to establish whether the reduction in GPC count determined by light microscopy on day 2 was attributable to the absence of a granule reaction. We used female rats only because they show a stronger ECL cell response on gastric acid inhibition (2, 7). 210 g (SPF strain, from Charles River Wiga, Sulzfeld, FRG), were used for the study. They were held in a controlled environment (20-22"CY 55-70% relative humidity, 12 hr light) and were fed with Altromin pellets (Altromin, h g e , FRG) ad libittint.
MATERIAU AND METHODS

Atiittials atid Experitiieiital Design
Tap water was available ad libittini. Groups of 5 animals were treated orally with B830 1-078, 50 mg/kg/day, volume 10 ml/kg, for 2, 14, or 29 days. With this dose obvious adversal effects were achieved in pilot tests. For each study period an equivalent number of animals was used as controls, receiving 10 ml/kg of the solvent without substance. The stomachs of 3 rats in each group were examined by light microscopy, and the stomachs of 2 rats in each group were examined by electron microscopy. For gastrin determination, blood sampling was carried out under ether anesthesia 24 hr after the last administration in the fed state. Serum gastrin was determined with the Ga~trin-[~*~I]-Radioimmunoassay-KitR (Becton Dickinson) by the Department of Pharmacology, Byk Gulden, Konstanz, FRG. The statistical significance of the difference in gastrin concentration between treatment groups and corresponding control groups was analyzed by the distribution-free Wilcoxon test.
Light and Electron Microscopy
The animals for light microscopic investigation were sacrificed with an overdose of ether 24 hr after the last administration. The stomachs were opened along the greater curvature and fixed in Bouin's solution. A 2 cm strip of the fundic mucosa was removed from the greater curvature, embedded in Paraplast, and stained with silver using the method of Grimelius (8) . A Zeiss microscope (ocular l o x , objective 25X) was used with a grid eyepiece. GPC were counted over the entire individual mucosa height on a length of 6 times the edge of the grid, i.e., 6 x 395 pm. The resulting value was converted to the number of GPC per 1 mm2 (GPC density). GPC with a visible nucleus were counted; small stained particles or processes were excluded.
For electron microscopic investigation, the stomachs were fixed by perfusion, retrograde via the abdominal aorta, with 5% glutaraldehyde under deep ether anesthesia. Ultrathin sections comprising the entire mucosa height were mounted on copper grids (G300 Cu, Science Services, Munchen, FRG) and stained with uranyl acetate and lead citrate. Using an EM 1OC electron microscope (Zeiss, Oberkochen, FRG) the density of ECL and A-like cells was determined as the number of cells per copper grid field. For this purpose, at least 50 grid fields per group were evaluated with regard to all levels of the fundic mucosa. For the semiquantitative analysis of the ECL cell morphology, at least 50 ECL cells per group were examined in regard to the frequency of certain subcellular structures, and expressed in %. In this report, the term "ECL cell" will be used for ultrastructurally identified ECL cells only.
RESULTS
After 2 days of treatment with B8301-078, the GPC density was clearly decreased compared to the controls, and the staining intensity of the cells was less marked (Fig. la, b) . After 14 and 29 days of treatment, the GPC density was greater than in controls (Table I) . However, ultrastructural determination of ECL cell density showed no decrease of ECL cell density after 2 days of treatment, with I . 5 ECLcells per grid field in the treatment group versus 1.4 ECL cells per grid field in controls. Animals treated for 14 and 29 days had a density of 1.9 and 2.1 ECL cells per grid field, respectively. The density of A-like cells, which arc also fundic GPC cells, was unchanged after treatment with B8301-078. A-like cells were observed at 0.3 per grid field in controls, and 0.2, 0.4, and 0.3 A-like cells per grid field were found in treated animals after 3, 14, and 29 days, respectively.
Morphologically, all treatment groups showed an enhanced proportion of ECL cells with a Golgi apparatus (37% of the ECL cells in controls and 54%, 6O%, and 57% of the ECL cells after 2, 14, and 29 days of treatment, respectively) and an increase of the space occupied by rough endoplasmic reticulum. There was also an increased rate of exocytosis,.with 17%, 16%, and 18% of the ECL cells showing exocytotic figures after 2, 14, and 29 treatments, respectively; yppus 8% in the controls. Simultaneously, the number of ECE cells with lysosomes was increased after 2, 14, and 29 days of treatment (57%, 81%, and 88% of the ECL cells, respectively) compared to controls (33%).
The most salient changes were seen in ECL cell granules. ECL cells from controls were filled with typical vesicular granules, consisting of an eccentric electron-dense core surrounded by a broad halo (Fig.  2) . However, ECL cells of rats treated for 2 days showed marked degranulation and a high proportion of empty granules (Fig. 3) . Degranulation of the ECL cells also occurred after 2 and 4 weeks of treatment, but was less marked.
Determination ofthe serum gastrin concentration revealed a significant increase in the treatment groups at each time investigated, compared to controls (Table 11). Within the treatment groups there was a marked increase in gastrin concentration from day 3 to day 15, whereas the gastrin level on day 30 was slightly less than on day 15. 
DISCUSSION
The Grimelius silver staining method has proved valuable for detection of ECL cells. It provides reproducible results, is reasonably priced, and because of the good contrast is also suitable for image analysis. The disadvantage of this method is that it stains not only ECL cells in the gastric fundus, but also A-like cells. The Sevier-Munger silver stain permits specific visualization of fundic ECL cells. It has, however, proved unreliable in our laboratory. Immunocytochemical staining with polyclonal antibodies to chromogranin A and neuron-specific enolase offer no better specificity than the Grimelius stain. Only the immunocytochemical detection of histamine and histidine decarboxylase with appropriate antibodies is specific.
The present study showed that after 2 days of treatment, GPC density was decreased as determined by light microscopy, but that ultrastructurally ECL cell density was similar to controls. This phenomenon is due to acute degranulation of the ECL cells. Because silver salts bind to granule content (6, 9), one can conclude that ECL cells with only a few, empty granules do not stain sufficiently to be seen with light microscopy. Because the density of A-like cells is not affected by treatment with B8301-078, it has no influence on the GPC density.
The assumption of a toxic effect of the compound on the GPC can be rejected because there was neither a decrease in the density of the electron microscopically corresponding ECL and A-like cells, nor were there any ultrastructural signs of cell degeneration or cell destruction. Contrary to our findings, Koop et a1 (1 3) found no changes in GPC .density after a 3 day treatment with another proton pump inhibitor, BY308. However, there are several methodological differences. On the one hand, rats were treated over 3 days and killed 2 hr after the last dose following 12 hr of starvation; on the other hand, BY308 is 10 times less potent than B8301-078 and was given at a lower dose so that differences in the ECL cell response are to be expected.
The increase in ECL cell density after 14 and 29 days of treatment is consistent with results obtained after treatment with various other acid inhibitors (1 4, 16, 19, 2 1). The results of serum gastrin deter-mination support the viewpoint that ECL cell hyperplasia is gastrin-induced, secondary to gastric acid suppression. The stimulating effect ofgastrin on ECL cells (1, 5, 11, 14, 20) is manifested by increased contents of rough endoplasmic reticulum and increased frequency of the Golgi complex in treated animals. Degranulation of neurosecretory granules and elevated exocytosis rate should be judged as the equivalent of gastrin-stimulated histamine release.
In conclusion, short-term treatment of rats with the powerful H+,K+-ATPase inhibitor B8301-078 causes a significant increase in serum gastrin concentration. The trophic and activating effect of gastrin leads to the proliferation of ECL cells and, especially after 2 days, to degranulation that results in reduced staining intensity with Grimelius silver stain and an apparent, transient decrease in GPC density.
